Human lymphatic filariasis is a chronic helminth infection caused by Wuchereria bancroffi and Brugia malayi. Wide spectrum of clinical manifestations are seen in different clinical groups of filariasis patients which comprises asymptomatic patients with circulating microfilaria (MF), individuals with chronic lymphatic obstruction (CP), Endemic normals (EN) who are asymptomatic and amicrofilaraemic or the relatively rare tropical pulmonary eosinophilia (TPE). The cellular immune response to this infection varies in different clinical groups of filarial patients, ranging from normal lymphocyte proliferative response in EN individuals to lymphocyte hyporesponsiveness in MF to total parasite antigen [Brugia malayi antigen (BMA)]. But in response to recombinant filarial antigen (pRJ51) the lymphocyte proliferation is restored in MF patients. Interestinglythe lymphocytes from MFs responded normally to parasite antigen when EN serum was added in the culture whereas serafrom MFsfailed to revert the lymphocyte hyporesponsiveness. In order to study the molecular mechanisms responsible for parasite antigen specific lymphocyte hyporesponsiveness, we analysed both the Thl and Th2 type cytokine gene expression profile in different clinical groups of filarasis patients. MF individuals expressed elevated Th2 type cytokines like IL-4, IL-5 and IL-10 and decreased levels of IL-2 and IFN-7 in response to parasite antigen. Chronic patients have elevated levels of both Thl and Th2 type cytokines in response to parasite antigen. The EN individuals had a purely Thl type pattern with absence of IL-4 and IL-5 expression. These studies clearly demonstrate the role ofTh2 cytokine like ILl0 in antigen specific hyporesponsiveness seen in MF patients. Any methods to arrest the progression of this disease should concentrate on the means to revert the Th2 type into Thl type response in the MF patients either by Thl type cytokine therapy or by using recombinant filarial antigen which stimulates the Thl response. Further the recombinant filarial antigen which induces Thl type cytokine response could be used for immunoprophylactic studies.
INTRODUCTION
The lymphatic filariae, consisting of Wuchereria bancrofti, Brugia malayi and Brugia timori infect some 120 million persons world wide. Filariasis causes the high level of clinical morbidity and is the second leading cause of permanent and long-term disability among other diseases. It is an impediment to socio-economic Address for Correspondence : Dr. P. Kaliraj, at above address development in 73 endemic countries of the tropics and sub-tropics.
(1). Infection with filarial parasites may cause acute or chronic obstruction of the lymphatics that ultimately leads to elephantiasis. To understand the molecular basis of parasite specific anergy in human lymphatic filariasis caused by the nematode Wuchereria bancroffi, cellular proliferation and cytokine levels were investigated using Brugia malayi antigen (BMA) and recombinant filarial antigen (pRJ51). The study population was selected from individuals residing in Chennai, India, an area endemic for bancroftian filariasis. Ten patients with microfilaraemia (MF), ten patients with chronic lymphatic obstruction (CP), and ten uninfected individuals residing in Chennai (endemic normals [EN] ) were included in this study.
Cellular immune response to Brugia malayi
antigen (BMA) and recombinant filarial antigen (pRJ51).
Peripheral blood mononuclear cells (PBMCs) were isolated from heparinized venous blood by ficoll diatrizoate gradient centrifugation. The PBMC proliferation was performed by [3H] thymidine incorporation assay. In orderto evaluate the state of cellular responsiveness of the various study populations, base line data was generated on the stimulation index (S.I.) values of the PBMCs derived from the different study groups for both mitogen phytohemagglutinin (PHA), purified protein derivative (PPD), parasite antigens (BMA) and a 58kDa recombinent W. bancrofti parasite protein antigen (pRJ51) (2, 3) . BMA driven proliferation of PBMCs from MF individuals was significantly lower than that seen with CP individuals and EN individuals (Fig 1) . In contrast, there was no significant difference in PPD and PHA induced proliferation of PBMCs among all patient groups. The 58kDa recombinant filarial protein induced a lymphocyte proliferative response in all the clincal group of filariasis patients (Fig. 1) . Further, the proliferative response towards the recombinant filarial protein (pRJ51) was significantly higher than that of BMA in MF patients. The possible reason being that the recombinant antigen is free from several down regulatory peptides associated with the unfractionated antigen (BMA) and is free of post translational modifications that add phosphoryl choline or carbohydrates and might interfere with induction of immune response. This result demonstrates that recombinant antigens can be used as candidate antigens for future immune response and vaccine studies in filariasis.
Effect of cytokines or serum on the lymphocyte proliferative response
Interleukin-1 (IL-1) is one of the soluble costimulatory molecules necessary for the activation of antigen presenting cells (4) . Antigen presentation in the absence of costimulatory molecules could lead to hyporesponsiveness. In order to find out the functional role of IL-1 and a Thl type cytokine i.e., IFN-~, in lymphocte hyporesponsiveness in filariasis, we studied the PBHC proliferative response in MF to BMA in the presence of IL-1 or IFN-~, and also serum from EN, MF orCP patients. The addition of recombinant IFN-1, along with BMA did not reverse the hyporesponsiveness in MF individuals (Fig. 2) . When the serum from EN or CP were added to MF PBMC cultures, the S.I. values improved. But the addition of serum from MF patients did not improve the proliferation index. Among the filariasis infected patients, the CP serum had lesser suppressive effect than the MF serum. This study indicates that the MF patients serum lack costimulatory molecule(s) other than IL-1 ( eg: CD80, CD86, CD28) which might be downregulated by some parasite antigen resulting in lymphocyte hyporesponsiveness.
Cytokine profile in different clinical groups of filariasis patients
In human lymphatic filariasis, previous studies on MF patients have revealed that parasite antigens evoked a Th2 response in the absence of a Thl-type response (5-8). T cell lines derived from Indonesian subjects generated to Brugia malayi antigen produced high levels of IL-4 relative to IFNy (8) . It has been demonstrated that individuals with active B. malayiinfection had lower levels of filarial antigen driven IFN-~, secretion when compared to ENs and CP patients (9) . IL-10 is one of the cytokines belonging to Th2 subset that inhibits the cytokine produced by Thl cells. The role of IL-10 in the downregulation of antigen responsiveness in parasitic infections has been reported in filariasis by us and in other parasitic infections (5, 7, 10, 11) .
To understand the role of cytokines in antigen specific hyporesponsiveness in MF patients, we studied the levels of expression of cytokine genes IL-2, IFN-~,, IL-4, IL-5 and IL-10 by RT-PCR in different clinical groups of filarial patients. The PCR products were detected by southern hybridization using fluorescein labelled cytokine probes. The OD values were determined using densitometer and were normalized with HPRT OD values of the respective samples.
Parasite antigen simulated expression of IL-4 and IL-5 were similar in MF and CP patients (Fig  3) . In response to parasite antigen, EN individuals did not express IL-4 and IL-5 genes. The MF individuals were unable to respond to parasite there is a defect in the production of Th-1 type cytokines (Fig 3) In EN individuals, there was parasite antigen induced expression of IL-2 and IFN-y, suggesting a clear polarized Thl subset differentiation pathway When the IL-10 production in response to parasite antigen was examined among the different groups, it was seen that only the MF individuals had an IL-10 response (Fig 3) , lending credence to the hypothesis that IL-10 is the cytokine responsible for the downregulation of the Thl responses in these MF individuals Also there was a significant negative correlation (p<0.001 by Spearman rank) between IL-10 mRNA expression and PBMC proliferation in the MF individuals. It is clear that in human helminth infection there is an alteration in the balance of Th cells towards Th2 cells. In significant proportion of resistant individuals living in endemic areas, the PBMC proliferative response to parasitic antigen was higher and the cytokine production are of Thl type. (Figs 1 and 3) . In established murine Schistosomiasis, infection correlates with Th2 response while protective immunity induced by vaccination with irradiated cercaria correlates with elevated Thl cytokine production and is partially ablated by treatment of the vaccinated mice with monoclonal antibodies against IL-2 receptor and I FN-y (10, 12) . Thus in parasitic diseases Th2 type cytokine production generally leads to progressive and persistent infection and Thl type of cytokine production leads to resistance to parasitic infection.
Thl to Th2 shift in MFs. Individuals living in the endemic areas (EN) show a strong proliferative and Thl response to parasitic antigen (Figs 1 and  3) . In filariasis, the disease establishes in susceptible individuals wherein, the adult worms reside in the lymphatics and release the microfilaria in the blood stream. During this time parasite antigen specific T cell proliferation diminishes with enhanced IL-10 productionie., Th2 type response. This hyporesponsive state is unstable and in many individuals it eventually breaks down, leading to expression of both Thl and Th2 types of cytokines. This non-tolerant condition is associated with normal T-cell proliferative response and lymphatic pathology seen in chronic patients. The mechanism involving the shift in response towards Th2 predominance in helminth infection is unclear but such a shift could result from structural elements in helminth derived antignes or from the chronic antigenic load that occur in helminth infection (10, 12) .
There is a clear cut evidence that there is a hyporespon-siveness. The parasite antigen specific hyporespon-siveness is associated with enhanced IL-10 production. With the advent of recombinant DNA technology, the recomibnant filarial antigens can be screened for Thl type cytokine inducing capability and eventually could be used for immunoprophylactic studies.
